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 Abstract 
In the fossil fuel, coal is enough to get easily because it has supply and price stability brought about its 
ubiquitously. Coal is used for power generation as the major fuel in the world. However it is true that control of 
global warming should be applied to coal power generations. Therefore, many people expect CO2 reduction by 
technical innovation such as efficiency improvement, Carbon dioxide Capture and Storage (CCS). In case of coal 
power plant are considered for improving efficiency. Some of them have already put into commercial operation but 
others are still under R&D stage. Especially, the technical development prospect of the power plant is very important 
for planning the energy strategy in the resource-importing country.  
Japan Coal Energy Center (JCOAL) constructed a program to forecast the share of advanced coal fired 
plants/natural gas power plants towards the year of 2050. Then, we simulated the future prediction about 2 cases (the 
Japanese scenario and the world scenario). The fuel price and the existence of CCS were considered in the forecast of 
the technical development of the thermal power generation. Especially in the Japanese scenario, we considered the 
CO2 reduction target which is 80% reduction in 1990.  
In the world scenario, coal price had almost no influence on the share of coal fired plant. However, when the 
gas price increased 1.5% or more, the share of coal fired plant increased. In that case, CO2 emissions increased 
because coal-fired plant increased. Compared with both cases, the amount of CO2 in 2050 without CCS case was 
50% higher than that of with CCS case. In Japanese scenario, achievement of 80% CO2 reduction target is impossible 
without CCS. If CCS is introduced into all the new establishment coal fired plant, CO2 reduction target can be 
attained. In the Japanese scenario, the gas price more expensive than a coal price so that the amount of the coal fired 
plant does not decline. Since the reduction of the amount of CO2 will be needed in all over the world, introductory 
promotion and technical development of CCS are very important not only Japan but also all over the world. 
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1. Introduction 
Fossil fuels, renewable energies and nuclear energy will play leading parts in the future, but fossil 
power generation will continue to play a major role. Especially, coal will be used continuously due to its 
stable supply and lower price. At present, power generation by coal is almost 40% in the world. So if total 
amount of power generation will be doubled, coal consumption will increase much and it is estimated the 
increase of 50%. The U.S. Energy Information Administration (EIA) estimates that the global 
consumption of coal will increase 74% between 2004 and 2030[1].For that reason, it is expected that the 
use of coal will increase more and more in future. However, global warming countermeasures should be 
considered for large amount of coal use. Carbon Capture and Storage (CCS) represent a group of 
technologies focused on capturing CO2 emitted during fossil fuel combustion and preventing it from 
being released into the atmosphere by storing it either deep underground or in alternative material phases. 
CCS techniques are applicable to various types of plants utilizing fossil fuels, such as natural gas 
combined cycle, pulverized coal, and integrated gasification combined cycle plants. Those technologies 
can potentially dramatically reduce the amount of CO2 released in the atmosphere. High efficient systems 
and CCS will be most applicable solution for the problems. Therefore, it is expected that CO2 reduction 
by technical innovation such as efficiency improvement of coal-fired plant, practical use of CCS and so 
on. Higher efficient plants are normally higher cost. So it is very important to evaluate the share, cost, 
performance or other important items of future plant. One of the possible solution as efficiency 
improvement is IGCC which is a technology that uses a gasifier to turn coal and other carbon based fuels 
into gas. Several demonstration projects have already started for commercial use. Many researchers are 
investigating the most suitable generation system using the coal today. 
JCOAL constructed a program to forecast the share of advanced coal fired plants/natural gas power 
plants towards the year of 2050. This program is designed for simulation which is available for predicting 
the trend of thermal power generation, such a case as fluctuation fuel prices. Gas price has competing 
relation to coal price in the thermal power generation. We, JCOAL, are using this program for evaluation 
of several tasks.  
In this study, we investigated the influence that the fluctuating prices of coal and gas gave to a trend 
of the coal thermal power generation. And then we considered the achievement of Japanese CO2 
reduction target in 2050 and the thermal power generation ratio of each year. 
 
 
2. Simulation methods 
2.1. Base condition 
Major input parameters are as follows: plant efficiency, fuel/capital/O&M cost, financial conditions. 
Learning curve was adopted for the estimation of the future cost[2]. Share will be determined by the 
levelized cost of electricity (LCOE). LCOE is often used by many electric power companies to analyze 
their economical situation, for example, National Energy Technology Laboratory (NETL) of analyzing 
coal fired plants economy. LCOE is calculated using discount rate and is the sum of leverized cost of Fuel, 
Capital, Operation & Maintenance and Carbon tax[3]. Evaluation will be done for both without and with 
CCS cases. This program covers by the year of 2010 to 2050. 
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Figure 1 Plant cost breakdown without CCS Figure 2 Plant cost breakdown with CCS 
Coal-fired plant and NGCC compete with each other to get more shares which are determined by 
generation cost. Specifically, the cheapest plant in last year is built in the next year. In case of the amount 
of introduction of the lowest LCOE plant reaches the maximum value, the second cheapest plant is 
introduced to the quota and the next plant is introduced in similar procedure[4]. 
The program covers following 5 high efficient systems and both with/ without CCS cases are 
considered. 
1) Supercritical unit (SC) 
2) Ultra super critical unit (USC) 
3) Advanced Ultra Supercritical unit (A-USC) 
4) Integrated gasification combined cycle (IGCC) 
5) Natural gas combined cycle (NGCC) 
We set the following conditions 
*Plant life is 40 years 
*IGCC will be put into market from 2015 
*A-USC will be put into commercial from 2020 
*Demand of electricity generation for global case: EIA estimation for world case 
*Demand of electricity generation for Japanese case: Actual value of 2010  
 
 
Total demands for electricity in the Japanese scenario from 2010 to 2050 are fixed by the results in 
2010. The oil thermal power plant condition is set to keep stationary demands until 2050. And the nuclear 
plant doesn't built until 2050(only retirement). The new energy and the hydraulic power generation set it 
with 20% of quantity of total generation in 2050. CCS introduction period in Japan is assumed to start in 
2020. Because oil thermal power plant retirement isn't considered, we decided that it is fitted all plants at 
the time of CCS introduction period. From the above condition, we considered the Japanese scenario 
which could reduce CO2 80% by 2050. 
LCOE breakdown for both without CCS and with CCS are shown in Fig.1 and Fig.2. The ratio of 
fuel costs of coal fired plant within LCOE is less than 30%, but, in the case of NGCC, it becomes 80%. 
Therefore, NGCC receives strongly affect by gas price.  
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3. Results and discussion  
3.1. World scenario 
The influence of the fuel price fluctuating for the trend of the coal fired plant is investigated. Figure 
3 shows the share of the coal fired plant in case of fluctuating of the coal price. Regardless of CCS, there 
is no influence of the price fluctuating around 2% for the share of the coal fired plant. This reason 
depends on the ratio of coal price among LCOE being small by coal fired plant. Figure 4 shows the share 
of the coal fired plant in case of fluctuating of the gas price (the coal is constant initial price).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This results show that the coal fired plant share is insensitive for the coal price fluctuation (Fig.3), 
on the other hand, it is sensitive for the gas price fluctuation (Fig4). For example, the share of coal fired 
plant goes up from 50% to around 85% when a gas price rises up 2% per year. In other words, as for the 
gas price occupy 80% of LCOE in NGCC, the gas price soaring will promote a shift to coal fired plant. 
With CCS case, the increment of the coal fired plant share becomes small because the ratio of the fuel 
cost of LCOE in NGCC becomes small. 
Figure 5 and 6 show the amount of the electric power generation of each plant in 2030 or 2050, in 
case of fluctuating of the gas price. It is a natural consequence that the ratio of NGCC decreases by the 
rise in natural gas price. On the one hand SC or USC would replace NGCC in 2030, but on the other hand 
A-USC or IGCC which is the high efficiency plant would replace NGCC in 2050.  
Figure 7 shows the change of the annual CO2 emission with and without CCS by fluctuating gas 
price. The plant share is changes from gas to coal by the rise in gas price, thereby the amount of CO2 
emission increases. The annual CO2 emission without CCS increases 70% in 2050, but that of CCS 
increases only 20%. 
Figure 8 shows the CO2 processing cost (CO2 avoided cost) in case of rise in fuel price. The CO2 
avoided cost will rise of each plant by the rise in fuel price. However, NGCC has large amount of CO2 
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Figure 3 Relations of a coal price and the share 
of coal-fired plant (with/without CCS) 
 
0
20
40
60
80
100
-2 -1 0 1 2
Change ratio of the natural gas price (%) 
 
Sh
ar
e 
of
 th
e 
co
al
-f
ire
d 
pl
an
t (
%
)
Figure 4 Relations of a natural gas price and the 
share of coal-fired plant (with CCS) 
 
With CCS Without CCS
 Takashi Nakamura et al. /  Energy Procedia  37 ( 2013 )  7557 – 7564 7561
avoided cost than other plants in the gas price rises case. This reason depends on a fuel ratio in plant cost 
of NGCC being relatively larger than the other. 
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Figure 5 Relations of a natural gas price and the 
Annual power generation in 2030 (with CCS) 
 
Figure 6 Relations of a natural gas price and the 
Annual power generation in 2050 (with CCS) 
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Figure 7 Relationship between annual CO2 
emission and gas price (with/without CCS) 
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Figure 8 Change of the CO2 avoided cost by 
the fuel price 
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3.1. Japanese scenario
In 2009, the Japanese Democratic Party government established the long term objective in 2050 of 
global warming countermeasures as the amount of CO2 decrease 80% (compared to 1990). Then, we 
investigated the precondition that achievement of the long term objective in Japan, and calculated annual
power generation of each plant.
Fig9 shows the demand of electricity in each year in Japan. Total demand of electricity with the
economic expansion doesn't increase in Japanese scenario. Therefore, it is considered that the amount of 
electricity in Japan is equal to the demand of electricity by existing plant. The new demand by the
existing plants in 2030 and 2050 becomes 183.8TWh and 493.5TWh. Coal-fired plant and NGCC
compete with each other to get more shares from yellow ranges in Fig.9. The fuel price is selected from 
predicted value of International Energy Agency (IEA: Current Politics scenario).
The two scenarios about the demand of Japan were investigated. The first scenario is default 
condition of every plants competed with each other by their cost. The second scenario is irregular 
condition which constructed only NGCC. In case of the first scenario, coal fired plants such as USC or 
IGCC are introduced preferentially regardless of CCS, because of their lower cost than NGCC.
Figure 10 shows the total amount of CO2 emission without CCS in all simulated power plants.
Without CCS case, even if it is introduced only NGCC, 160Mton per year of CO2 is exhausted in 2050.
The reduction target has not been achieved without CCS, because the target of Japanese long term
objective is 70Mton per year (a black wavy line on Fig.10-12) of CO2 in 2050. 
Figure 11 shows the total amount of CO2 emission with CCS in all power plants. The investigated
conditions with CCS are default condition or irregular condition (the same condition Fig.10). In CCS case,
total CO2 emissions of default condition is 127Mton per year, and that of only NGCC case is 73Mton per 
year in 2050. The achievement of the CO2 reduction target is also impossible by only CCS.
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Therefore, we considered nearly condition of Fig.11 as the plant built newly from 2010 to 2020 are 
assumed to be CCS ready, and investigated above condition. The result shows in Fig.12. In CCS ready 
case, total CO2 emissions of default condition is 69Mton per year, and that of only NGCC case is 38Mton 
per year in 2050. It is confirmed that the CO2 reduction target in 2050 is possible to achieve with CCS 
ready. Figure 13 shows the LCOE of cost minimum case in Fig.12.  
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Figure 10 Total CO2 Emissions without CCS in Japan 
 
Figure 11 Total CO2 Emissions with CCS in Japan 
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Figure 14 Annual power generation of each 
Fig.14 shows the annual power generation 
in Fig.13. Coal fired plant has advantageous for 
LCOE because of the lower fuel price in Japan 
regardless of CCS. USC and A-USC are 
introduced with precedence until 2020 without 
CCS, but IGCC becomes the highest precedence 
plant from 2020 to 2050. Therefore the CO2 
reduction target in 2050 is achievable by coal 
fired plant that is generally said to have large 
CO2 emissions. 
 
 
 
 
Conclusion 
In this study, we investigated the influence that the fluctuating prices of coal and gas gave to a trend 
of the coal thermal power generation. In the world scenario, coal price had almost no influence on the 
share of coal fired plant. But, the gas price has large influence on the share of coal fired plant. Regardless 
of CCS, there is no influence of the coal price fluctuating around 2% for the share of the coal fired plant. 
This reason depends on the ratio of coal price among LCOE being small by coal fired plant. The CO2 
avoided cost will rise of each plant by the rise in fuel price. However, NGCC has large amount of CO2 
avoided cost than other plants in the gas price rises case. This reason depends on a fuel ratio in plant cost 
of NGCC being relatively larger than the other. LCOE of coal fired plant is not affected by a fuel price 
compared to NGCC. It is certainly that coal fired plant will increase than today. Therefore, it is important 
to promote technology development of the CO2 reduction.  
In Japanese scenario, we investigated the precondition that achievement of CO2 reduction target in 
2050. The reduction target in 2050(CO2 80% reduction compared with 1990) can be achieved by CCS 
ready. For resource importing countries such as Japan, this result was better in terms of price competition 
because of having the selectivity on fuel. However, it is important that new power generation plant make 
CCS ready by 2020 from now. In other words, in terms of the plant construction, the situation admits of 
no delay for the reduction target in 2050. 
Today, for example in United States, shale gas which is cheaper than conventional gas is produced. 
We would like to review about the influence of shale gas for the fuel price, and then we would like to 
investigate new scenario in case of the shale gas will be imported to Japan.  
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